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INTRODUCTION.
This thesis had its origin in a study of the prevention and
treatment of thoracic trauma mad.e in a clinic where thoracic
surgery in the widest sense is practised. On the one hand rare types
of injury lent themselves for discussion and on the other hand we
wanted to examine the therapeutic measures taken and ask our-
selves in how far these are still susceptible of improvement. This has
given a somewhat casuistic character to the thesis. While collecting
data, it rapidly became clear to us that it was practically impossible
to handle a traumatic subject from a purely statistical point of view.
Our views are based on data relating to a series of 240 patients
suffering from thoracic injury who received clinical treatment
between 1949 and 1957.177 patients had a thoracic injury alone,
39 patients a combination of thoracic and cerebral injury and 24
patients a thoracic injury in conjunction with other injuries. The
number of cases which proved fatal was 12. In 7 of these cases the
thoracic trauma was in itself fatal. One oatient died in con-
sequence of abdominal complication. In the remaining 4 cases the
cause of death was the combination of cerebral and thoracic injury.
The nature of the accidents is shown in a table . The majority were
traffic accidents (l l0) and the smallest group was formed by
penetrating trauma (10), principally as a result of fights. In view
of the small number of perforating and penetrating injuries, we
chose "Closed Thoracic Injuries" as the title of this thesis.
In cneprBn r patho-physiology is first discussed. It is pointed
out that familiarity with patho-physiology is an advantage in
treating patients with thoracic trauma.
The effect of trauma on the respiratory system is analysed, fol-
lowed by the factors affecting the cardio-vascular system. Disturbed
function of either system leads to hypoxia and hypercapnia. It is
pointed out that the problem of hypercapnia is at least as im-
portant as that of hypoxia.
Mention is then made of some difficulties connected with
diagnosis in the acute post-traumatic stage. Great value must still
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be attached to the clinical aspect of the patient and the con-
sequences of the physical signs. Some general therapeutic measures
are discussed and their prophylactic character is mentioned. The
most important goal, in our opinion, is the preservation of an open
and dry airway and the means of achieving this are indicated.
In particular, attention is drawn to the value of tracheotomy.
Medically speaking, oxygen therapy occupies first place and should
be followed by measures to relieve pain. Particular attention is
directed to pericostal block anaesthesia.
Treatment for shock will show no results unless at the same time
care is taken to correct mechanical disturbances, ensure good
oxygenation and combat hypercapnia.
At the conclusion of this chapter a lance is broken for physio-
therapy; its importance cannot be estimated highly enough.
In cneprnn rr injuries of the thoracic wall are discussed. After
mentioning injuries of the soft tissues, and notably herniation of
the lung, attention is primarily directed to rib fractures. That
these should not be underestimated is indicated by the f,act that
out of 220 cases with rib fracture injuries, 30.+ % suffered from
complications.
In the first place the problem of pain is tackled. The respiratory
functions of a small number of patients were examined. The V.C.
diminution was very uncertain and not proportionate to the ex-
tensiveness of the injury. Subcutaneous emphysema is also men-
tioned and the pathogenesis briefly discussed. Most cases were of
little clinical importance. Particular attention should be paid to
multiple rib fractures, which can lead to paradoxical respiration.
Reasons why the latent form sometimes becomes manifest are
stated.
Therapy is discussed and emphasis laid on the necessity for
careful observation of patients who are treated at home. In com-
bating pain we give preference to pericostal block anaesthesia.
The disadvantages of adhesive strapping, a method still widely in
use, are pointed out. Pneumonia is mentioned as a complication
of ribfractures.
"Stove-in chest" with its paradoxical respiration requires treat-
ment which is effective without being too drastic. An outline is
given of the various traction methods and the conditions with
which this traction must comply. The chapter concludes with a
number of case histories.
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tion with cardio-respiratory complications changed to ttre latent
type after a tension pneumothorax had been treated. This is
followed by the case histories of 4 patients for rvhom skeletal traction
was necessary. In two cases traction of the sternum was used and
for the other two patients rib traction was required to correct a
deformation of the thorax and also to relieve a lung collapse. For
the 3 remaining patients traction was considered essential as an
emergency measure, but the length of t ime betu'een trauma and
traction varied in each case.
In this connection, the advisability is indicated of combining
skeletal traction with tracheotomy to ensurc optimal function of
the cardio-respiratory system.
In cneprnn tu the pathology of processes arising in the pleural
cavity in connection with trauma is discussed. Hemothorax is the
chief of these. Pathogenesis and diagnosis are considered. The
clotting problem is analysed and particular mention is made of
the work of nor,lrns sELLoRS and of MELTcK and spooNne, who
are adherants of the primary clotting theory. This theory was
developed after extensive research and yields good results as a
basis for therapy.
The complications of this clotting process are discussed and the
conditions giving rise to "clotted hemothorax" and "fibrothorax"
are explained. Attention is directed to the entity of the "infolded
lung". Although the pathological process at the root of both is
essentially the same, a distinction must be made between thc
clinical aspect of clotted hemothorax and that of "in-foldedlung".
Consideration of the problems arising from infection of the hemo-
thorax is followed by an outl ine of the therapy. For uncomplicated
hemothorax, aspiration as early and as complete as possible remains
the obvious method. If the hemothorax is small or if i t cannot
definitely be shown to exist, then a moderately active therapy is
justif iable, that is to say, aspiration shouid be postponed. Close
observation remains neccssary, however. A rn'arning is given about
the use of enzymes with a solvent action. The use of these sub-
stances is only justified in the case of local and encapsulated
processes, such as an empyema and neglected clotted hemothorax.
For clotted hemothorax, decortication is recommended. This view
is upheld by the experiences of allied thoracic surgeons during thc
Second World War. For "in-folded luns". decortication is evcn
more vital.
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The chapter concludes with some case histories. Out of 240
patients rvith thoracic trauma, 40 had a hemothorax and 20 a hemo-
pneumothorax. In the case of 19 patients the hemothorax was not
aspirated. Among those which were aspirated, there was considerable
variation as regards amount, number of aspirations and the times
at which they were performed. In this connection, mention is made
of traumatic pleuritis, which can be prevented by early aspiration.
For hemo-pneumothorax, aspiration of the pneumothorax is
primary, follorved by aspiration of the hemothorax either immedia-
tely or shortly afterwards in a second session. For three patients
decortication was necessary. One patient had an "in-foideci lung".
A second patient had a clotted hemothorax after being stabbed
with a knife. The operation was successful. The third patient had
an infected clotted hemothorax. After decortication this patient died
as a result of sepsis and recurrence of clotted hemothorax.
cHAprER rv deals with injuries to the lungs and airways. In
passing, attention is called to traumatic pneumothorax. It is
pointed out that pressure in a pneumothorax is nearly always
positive, so that one can speak of a tension pneumothorax.
To be exact, tension pneumothorax is better expressed as
progressive tension pneumothorax. If pressure rises again after
aspiration, intercostal suction drainage is recommended as a
therapeutic measure.
The next subject is bronchus rupture. Etiology and symptoms
are discussed and then follows a detailed exposition of the patho-
logical anatomy of the two distinct forms, nameiy, complete and
partial tear. An explanation is given of rvhy, from a functional
point of view, the prognosis for lung tissue behind a complete
tear is better than that for lung tissue behind a stenosis. As regards
therapy, efforts must be made to restore continuity. This can
usually be accomplished once the patient has passed the acute
stage. The various possibilities for bronchus reconstruction are
mentioned. The bronchoscopist has an active part to play in diag-
nosis, therapy and after-treatment. The case histories of three
patients are recorded. In two cases diagnosis was made some time
after the trauma and after an apparent recovery had been made.
With one patient bronchus reconstruction had to be abandoned and
a left-sided pneumonectomy was necessary. In the case of the second
patient, there was some question of bronchial obstruction. Lung
tissue was protruding from a partial tear in the lumen. Resection
of this lung tissue by means of bronchoscopy led to complete
r42
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recovery. In the third case, thoracotomy was decided upon because
the right lung - where there was a tension pneumothorax - could
not be unfolded. Five days after the trauma, a complete bronchus
rupture was sutured, at the sacrifice of the right upper lobe. Post-
operatively a bronchus stenosis developed which had to be re-
peatedly dilated before there could be talk of complete recovery.
Ultimately this was achieved.
Further, discussion is devoted in this chapter to "wet lung", the
complication most commonly encountered after thoracic trauma.
In presenting the clinical picture, the seriousness of this com-
plication is emphasized. Etiology is'discussed in the l ight of other
literature on this subject. Considerable attention is given to
therapy. Stress is primarily laid on the significance of prophylactic
measures and tracheotomy is especially mentioned. A number of
case histories are given. What emerges most clearly from these
case histories is the possibility of prevention. A latent "wet lung"
can later develop into a manifest "wet lung", sometimes with
fatal results (2 cases) . It is demonstrated how important a coopera-
tive attitude on the part of the patient can be. Recovery is partly
determined by this attitude. Acute traumatic lung edema, which is
sometimes difficult to distinguish from "wet lung", is of course
also discussed. In the case of one patient in the series, good results
were obtained not bv tracheotomv but bv the w. oT A.C.T.H.
The chapter corrcludes with a discrrssion on "blast effect" and
intrapulmonary hematoma. Therapy for "blast" injuries of the
lung must be conscrvative. The case history is given ofone patient,
howevcr, where an operation was performed. In this case, the in-
jury was restricted more or less to the right middle lobe and a
lobectomy was performed.
The history of another patient serves to illustrate the pattern
of intrapulmonary hematoma.
f n cnaprnn v the traumatic pathology of the organs in the media-
stinum is discussed. A description is first given of traumatic asphlxia
and then of mediastinal hematoma. This can occur in a local or a
diffuse form. The latter tvpe is illustrated bv a case historv. The
hemorrhages are mostly i-- small vessels in the region ol'the
neck. The history, anatomy, physiology and etiology of chylothorax
is dealt with in greater detail. Clinically speaking, there are two
types - cervical and thoracic. Diagnostic difficulties are pointed
aout and the typical characteristics of chylous exsudate are sum-
marised. Discussion of therapy reveals that ligation of the thoracic
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duct gives the best chance of achieving a good final result. In this
connection it is helpful to make the duct visible by using dyes.
The case history is given of a patient with a spinal fracture and
a right-sided chylothorax. This patient lost 2l litres of chylus
from the fistula and died in an emaciated condition. In the case of
a second patient, metastases of a tumor of the ovary were probably
the cause of the chylothorax.
It is pointed out that if a left-sided supraclaviculary gland
biopsy is performed, there is a chance of damaging the duct.
Ligation prevents complications. After this the heart injuries are
discussed: first pathogenesis and then the clinical features.
The surgeon will chiefly be concerned with hemopericardium
and heart tamponade, the cardiologist with contusion of the heart.
Therapy for hemopericardium is conservative, that is to say good
results may be expected from aspiration. This was borne out by
an analysis of all patients suffering from heart injury who received
treatment at the Groningen Clinic, and also by literature on the
subject. How difficult diagnosis can be, was indicated by the case
of a patient with a penetrating heart irj"ry which had the ap-
pearance of a hemothorax. This patient died. It is pointed out that
an electrocardiogram is advisable in all cases of severe chest injury.
The chapter concludes with a discussion of injuries to the oeso-
phagus. Literature reveals that isolated oesophagus rupture is
rare in closed thoracic trauma. Thc tracheo-oesophageal fistula is
better known. In the majority of the cases reported up to the
present, a bronchial or tracheal tear is primary. To the nine cases
known to us in medical literature, a tenth can be added from the
Groningen Clinic. This fistula developed after a closed thoracic
trauma. Thetracheal tearwasconsidered as primary. The fistulawas
successfully ligated trans-thoracically and both defects closed.
cHAprER vr deals first with thoraco-abdominal trauma. Mortality
is high and is occasioned by a combination of injuries. Traumatic
diaphragmatic rupture is included in these injuries. Etiology and
symptomatology are discussed, likewise difficulties connected with
diagnosis. Further, the problems connected with selecting the best
approach when operating are pointed out. Two patients with
traumatic diaphragmatic tear are discussed. One patient had a
right-sided penetrating wound. The second patient was operated
on for a leftsided diaphragmatic hernia with incarceration of a
colon loop, five years after the thoracic trauma. The defect was
closed via the abdomen. The case histories are given of two patients
t44
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with abdominal complications. In the case of one patient, the lesron
was restricted to a tear in the peritoneum. In the case of tbe second
patient, the complications *ere mor. severe: a perforation of the
stomach, rupture of the spleen, a teat in the renal vena and
hemorrhage in the left adrenal proved fatal.
Following this, post-traumatic intestinal paralysis after thoracic
injuries is viry briefly mentioned. Caution is advised when making
a diagnosis. Some case histories serve to illustrate this entity.
At thJ end of this chapter, the seriousness of thoracic trauma in
combination with head injuries is pointed out. Mortality is then
high. The cooperation of the patient, which is so necessary when
delaHng with thoracic trauma, is lacking when the patient is un-
consciJus. In treating this catagory of patients, tracheotomy is of
paramount importance'
In conclusion the case histories are given of six patients with
thoracic and head injuries, four of whom died: a clear indication
of the serious prognosis which has to be made.
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